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SUMMARY 

Flight tests were conducted on two straightifng jet air-planes of 
generally similar configuration, one exhibiting a diving tendency and 
the other a clinibing tendency, in order to investigate the cause for 
the particular type of behavior of each airplane at high&ch nusibers. 

The results showed that the diting tendency experienced by the one 
airplane was due to the preddnant effect of an timeased angle of 
attack of the horizontal tafl. This diving tendency persisted tbrough- 
out the test lift-coefficient rszge from 0 to 0.4. The climbfng tend- 
ency exhibIted by the other airplane, prominent only at the lower 
values of lift coefficient, resulted from an overpowering increase in 
wing pitching moment. 

rNTR0DuCT10N 

In flight at supercritical speeds, a nuniher of airplanes have 
experienced severe changes in stability a&. trim. As a result, diffi- 
culty in control has occurred in a nu&er of cases, due to the develop 
ment of either a strong didng tendency or climbFng tendency. The fore- 
going trim changes become prticularly significant when, in level 
flight, the pilot is unable to prevent a "tuck--under" or "tuckap" 
because of insufficient elevator angle for balasce or because of large 
cmtrol forces. Both the problem of the diving tendency and the climb- 
ing tendency are of interest to the designer in that either tendency 
can limit the tactical high sped and greatly detract from the maneu- 
verability of an airplane. 
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In reference 1, the diving tendency was shown to be prfmarilg the 
result of an increased angle of attack of the horizontal tail surface 
due to a reduction in lift-curve slope for the wing, a reduction in 
downwash in the vicinfty of the tail, and for cambered wings a positive 
shift in the angle of attack for zero lift. The factors promoting a 
clinibing tendency have been pointed out in a nu&er of reports. Refer- 
ence 2 attributed the clinibing tendency encountered by a fighter-Q-&e 
aircraft at low values of lift coefficfent and high &ch numbers prima- 
rily to a negative shift in the a-lane engle of attack for zero lift. 
The results of reference 3 showed that the downwash and tail-off airplane 
pitching moment,.which were producing a clinibing tendency, were influ- 
enced by negative deflection of the wing flaps. Other factors, such as 
a change in stabilizer setting (reference 4) or a change in the vertical 
location of the horizontal tail, have been shown to alter the direction 
and xna@;nftude of the longitudinal trim change at high Mxch numbers. 

Although the various factors affecting the longitudinal control at 
high Mach nu&ers are recognized and qualitatively understood, there is 
still considerable diffFcul.ty in predicti& the longitudinal trim C&I- 
acteristics of an airplane at htgh B&h n&ers due to the fact that the 
magnitude and direction of the trim change depends upon a relatively 
smsll difference between several large quantfties. These relatively 
smalkdifferences are reflected as large changes in control force at 
high'dynamic pressure and corresponding significant changes insofar as 
the pilot is concerned in the variation of trim with Mach nuriber. An 
example of this is presented by the two airplanes discussed in this 
report. These airplanes were generally sjmi1s.r in regard to wing and 
tail configuration, but one exhibited a clir&ing tendency sufficiently 
severe at low altitudes to Hmit its nraximurn operating speed, while the 
other airplane exhibited a piving tendency. The flight teats reported 
herein were run for the purpose of identifying the aerodynamic factors 
which contribute to the difference ti longitudinal control behavior. 
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ratio of net aerodynaz& force along airplane 2 axis (positive when 
directed upward) to weight of airplane (& = 1 corresponds to lg) 

local wing chord, feet 

wing man aerodynamic chord, feet 

airplane lift coefficient 
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pitching+?oment coefficient about quarter M.A.C. point 

( 
pitching moment 

s&F > 

wing section pitchfng-moment coefficient about quartemhord point 

elevator control force, pounds 

average altitude, feet 

free-stream &ch nuniber 

pressure coefficient c 1 iE!d qo 
pressure coefficient on lower wfng surface 

pressure coefficfent on upper wing surface 

static orifice pressure, pounds per square foot 

free-stream static pressure, pounds per square foot 

free-stream dynamic pressure, pounds per square foot 

total wing area, square feet 

airplane wet&t, pounds 

wing (fuselage reference line) angle of attack, degrees 

horizontal tail (chord line) angle of attack, degrees 

elevator angle (stabilizer chord line), degrees 

AIRPLANES . 

The airplane identified with a diving tendency is designated as 
EaLrplane 1 and the airplane with a climbing tendency as airplane 2. 

Three-view drawings of airplanes 1 and 2 are shown in figure 1, 
andthree-quarter rear-vi ew photographs of the airplanes as instrumented 
for flight tests are shown in figure 2. The geomtric details of the 
airplanes are given in table I. The ordinates of the airfoils used on 
airplsnes 1 and 2 are given in table II. 
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Standard NACA continuously recording instruments were used to 
record the various quan.titFes measured. 

Measurements of airspeed were made by airspeed heads mounted on 
booms two chord lengths ahead of the wing tip. Compressibility cor- 
rections for the position error due to the presence of the wing and 
for the head itself were applied to the airspeed readings. 

Wing section pressure-distributian data were obtained from flush- 
type orifices mounted on the upper and lower surfaces at the @-and 
76-inch wing station for airplanes 1 and 2, respectively. 

Control position recorders were connected directly to the 
elevator to record the deflections of the surface. 

TESTS 

L 

Tests on both airplanes were conducted in the power-on clean 
condition for airplane 1, at altitudes of approximately 7,000 feet 
and 37,000 feet in a Mach numb&r range of 0.56 to 0.85; and for air- 
plane 2 at altitudes of approximately 15,000 feet and 35,000 feet in 
a Mach nu&er renge of 0.5 to 0.87. The c.enter-of-gravity location 
was in the re arward position (approximately 2wercent M.A.C.) during 
the tests of both airplanes. 

. 

. 
The maximum test Mach nmber for airplane 1 waa limited by large 

amplitude aileron flutter (compressibiU.ty buzz), and for airplane 2, 
by a combination of large elevator control forces required for balance 
and by a wing-dropping tendency. 

REBULTS AND DISCUSSION 

The difference in the longitudinal behavior of the two airplanes 
was most noticeable to the @lot in steady lg f1Tgh-t. The elevator 
angle and sttck force required in this regime at both high and low 8 
altitudes are shown in figure 3. Airplane 1 required an increasing 
up-elevator deflection and increasing puti forcee for balance with 
increasing Mach number to counteract a diving tendency at the higher 
Mach numbers. Insofar as the pilot was concerned, this airplane had a 
mild, easily controllable diving tendency,over the Mach number range 
investigated which did not extend to as h$gh Mach numbers as that for 
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,afrplane2. In oontrast, airplane 2 &&bit& a climbing tendency at 
Mach numbers above approximately 0.81. This cubing tendency was suffi- 
ciently severe at low altirtudes to limit the ~IE&UQ 
the airplane. 

operating speed of 
In an effort to Mnimizmf the push force required for trim 

at the higher Mach numbers of the tests reported herein, the pflot chose 
to trim the airplane upon entering the dive with full nosdown tab. 

The change inlangitudinaltrim, fndfcatedbythe variation of 
elevator angle and elevator control force in figure 3 for both the high 
and low altitude tests, occurs at approxWa.tely the same Mach nuziber for 
each airplane regardless of the difference in dynamLc pressure. This 
indicates that the aeroelastic effects were not the printary cause of the 
longitudinal trim change although they hsZL some modifying influence on 
this callge, l 

Y 

As indicated in the Introductfon, the aerodynamic factors cantri- 
buting to the trim change with Mach nuuiber are anticipated to be a 
change in wing angle of attack required to rnalntain a given lift coeffi- 
cient, with a corresponding change in tail angle of attack, and a varia- 
tion of pitching moment of the wing. Figure 4 presents the variation 
of these parameters with Mach nuuiher for both airplanes for constant 
values of lift coefffcient fram 0 to 0.4. The section pitchdng-moment 
values presented were derived from pressureilistribution measurements. 
Also shown is the resultant elevator angle required to maintain constant 
values of CL. The cross-glotted value for steady flight at an AZ of 
LO is the same as that shown on figure 3. An examination of figure 4 
indicates that the difference between the two airplanes is confined to 
the rsnge of lift coefficients of 0.2 or less. At the higher lift 
coefficients, both air-planes exhibited a diving tendency which, on the 
basis of elevator angle required for balance, is very similar. The 
difference between the two'atiplanes in the lower lift-coefficient range 
apparently lies In the relative magnitudes of the moment changes produced 
by.the wing and the tail. This point is demonstrated in figure 5 in 

ISome indication of aeroelastic effects in the form of stabilizer twist 
which would reduce the elevator effectiveness was noted for airplane 2. 
By comparing the values of ot measured by a boom at the stabilizer 
tip over similar CL and Mach nts.&er ranges but tidely different 
Qnamic pressure ranges (tests at 15,000 and 35,000 feet), It was 
found that an increase fn dynamic pressure caused a decrease in 
measured ocf; of approxtitely ~3~ at the highest Mach nusi6er of 0.83. 



6 NACA R&l A5lEl4 

which the computed increlPen.t in 6, (from the trim value at M~0.7) 
required for balance in steady, straight flight at Az=l is shown. !i%e 
VdWS Of 6e were calculated using horizontal tail characteristics 
obtained fromwind~unnel results and the nu3asured variations of o-t 
and Cmw values. 

The initial trend for both airplanes at Mach numbers above the trim 
value of 0.7 is a diving tendency produced by the predominance of the 
diving-moment increment due to the wing over the climbing+noment incre- 
ment produced by the change in tail angle of attack. The trend of each 
of these factors reverses at a Mach number of about 0.75 on aJrplene 1 
and 0.8 on airplane 2. It is at these M&h numbers that the presence of 
an intense shock wave is first apparent from the wing pressure distribu- 
tfon of both air-planes. An increase in angle of attack to maintain a 
given lift coefficient becomes necessary'on both air-planes above this 
Mach nuriber, and the tail contribution thus is a progressively increas- 
ing divFn@F momant (as dfscussed in reference 2) which, for air&me 1, 
more than counterbalances the opposite trend of the wing pitching moIllent. 

On airplane 2, the pitching-moment contributicrn of the wing predom- 
inates and, as the Mach number is increased beyond 0.8, the net result 
is a reversal ti the trend of elevator required for balance at Mach num- 
bers up to approximately 0.85. This net difference, although relatively 
small compared to the two factors involved, is the cause of the climbing 
tendency on al-lane 2, which is reflected insofar as the pilot is con- 
cerned by a large change in force required to maintain lg flight aver 
the Mach number range from 0.80 to 0.85. 

Wing pressure distributions of both airplanes were examined in an 
attempt to isolate the reason for the more abrupt snd more sustaUed 
change in the pitching moment of the wing on'airplane 2, to which the 
climbing tendency is attributable. The:pressure distributions on the 
win@; of airplane 2 (fQ. 6) indicate a relatively large rearward movement 
of the lower surface wing shock wave combined with a small forward move- 
ment of the upper surface shock.wave with increasing pllach nu&er. The 
results& redistribution of lift produces the more-extreme climbing- 
mount. 

The relatively limited Mach number range to which the clinibing 
tendency of a.irplane 2 is confined is evident from figure 5. At Mach 
number8 s$ove 0.85, the trend of elevator angle required for balance 
reverses abruptly so that a diving tendency once again is indicated. 
This is due in part to an added increase in angle of attack at the 
tail and a reduction in the climbing mount trend produced by the wing. 

l 
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The lack of the climbing tendency above lift coefficfents of 0.2 
is attributable to the magnitude of the change in angle of attack at 
the tail which is such as to produce a diving moment which is larger at 
the higher values of CL wh5le the chsnge in pitching moment due to 
the wing was approximately the same for all values of CL. 

CONCLmlING REMARKS 

The results of flight tests on two jet aircraft of generally 
similar canfiguration, one 8XhIbiting a diving tendency and the other 
a climibing tendency, showed the following as the significant factors 
governing the 1ongItudinal behavior at highMach numbers. 

The differences in longitudinal control of the two aircraft a-ear 
to be due to the balance between two opposFng moments: (1) a diving 
moment produced by an increased angle of attack at the tail, and (2) a 
climbing moment due to the pitching-moment characteristics of the wing. 

Thus, for airplane 1 it was found that the diving tendency due to 
an increase in angle of attack at the tail predominated over the entire 
CL range. 

The cl&tibing tendency of a-lrplane 2 existing only at the lower 
values of k (in the range of steady lg flight) was due to the 
dominance of the pitching moment of the wing. 

Ames Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Moffett Field, Calif. 
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Item Airplane 1. Airplane 2 

ross weight, pounds (Av. in flt.) ... lO,goo 

'ing 

Area, square feet ................. 
Span, feet ........................ 
Aspect ratio ...................... 
Airfoil section 

237.0 260 
38.9 36.42 
6.39 5.10 

Root ........................... NACA 651~213 Republic 
(a = 0.5) R-4 

45-15l2-.9 
'pip ............................ NACA 65l-213 Republic 

(a = 0.5) R-4 

M.A.C., inches ................... 80.6 
45-m&9 

. 
Incidence (root) ................. l.o" 
Twist . ............................ -1.50 -2": 

orizontal tail 

Area, square feet ................ 
Span, feet ....................... 
Aspect ratio ..................... 
Airfoil section 

43.5 48.5 
15.6 14.95 

5.6 4.6 

Root ........................... 1~~65-tno Republic. 

210 
Tip ............................ NACA 65-010 Republic 

El0 
Incidence 0 ........................ 00 
Elevator area, square feet ....... 13 



TABLE II.-AIRFOIL aRDDNE8 
[All statlcms and urcllmtes lnpercentchd] 

Airplane l.- MACA 65+13 (a = 0.5) 

l- 
-, 

statical 

0 
.38 
.62 

1.10 
2.34 
4.81 

8.8 
14:8l 
19.83 
24.86 
29.89 
34.g2 
39.96 
45.01 
50.07 

1.06 
1.29 
1.64 
2.28 
3.26 
4.02 
4.67 

257: 
7.12 
7.56 

;:g 
7.94 

;:2 
6.63 

;:; 

3:19 
2.24 
1.33 

.53 
0 

-92 
-1.10 
-1.35 
-1.76 
-2.30 
-2.84 
-3.22 
-3.Pe 
-4.96 
J1.59 

$2 
-5.01 
-4.55 

2-z 
-4:07 
-3.60 

% 
-1:80 
-1.29 
-.72 
-.24 
0 

1 

I . , , 

Airph 2.-REPUELIC R-4, &1512-.9 

i 

I Upper mfke II Lover fiurfkce 

statim 
0 

.5 
1.0 
2.0 

2:X 
5.0 

10.0 
15.0 
20.0 
25.0 
30.0 
35.0 
40.0 
45.0 
50.0 

580': 
6510 
70.0 

CC: 

g:: 
95.0 

loo.0 

II 

.9m 
II 

.s 
1.33 1.0 
1.865 2.0 

2.305 2.665 2:: 
y: . 10.0 5.0 

;:E? 15.0 
2o.a 

6:~ ~-~ 

25.0 

30.0 35.0 
6.86 

66-g 
$-: 

6:8x 
50:o 
55.0 

6.51 
6.~. 

z-g 

;:i 

4:oe 7510 

3.13 g:: 
2-u 
1.01 g:: 
0 100.0 

hanate 
0 
-.!XJ 

-1.20 
-1.665 
-2.035 
-2.34 
-2.55 
-3.41 
-4.015 
-4.40 

2-$ 
j:Cfl 
-5.17 
3.15 

z-g 
i67 
-4.27 
-3.73 

2.2 
-1:73 
-1.14 
-A0 
0 

1 

. 
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figure I.- Three - view drawings of airplanes I and 2, 
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14,950 
---- 34,850 

.5 .6 I 
nber, A-4 

(27) Airphne 1. (b/ Airpiune 2. 
Figure 3.- Sfofic /ongifudina/ sfubhify chumcferisfics for uirp/unes / 

and 2 uf high und low aififude . 
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March number, M 
(a) Airphne 1. (b/ Airphe 2. 

Figure 4. - Variation with Mach number of the /ongifudinal control 
cbtwoct’eristics for airphes / and 2. 
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B - G 4. I do bafonce AC, I 

I 

.7 .8 . .9 -.6 .7 .8 .9 .6 
Moth number, M 

(a) Airptqne I. /b) Airplane 2. 

Figure 5.- VorWion with Aloch number of the incremen.’ in elevaW angle requih?d 
fiw balance for i&lanes I anti 2. 
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tb) M, 0.870; C’ , 0.15 

Figure 6. - Pressure distribution ot various Moth 
numbers. Pressure o/C&de, 35,000 feel. 
A&p/one 2. 
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